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S u m m a r y  
 
Background. Hematopoietic stem cell transplantation (HSCT) 
is an established procedure for many acquired and congenital 
disorders of the hematopoietic system, including 
malignancies, bone marrow failure syndromes, disorders of 
the immune system, and metabolic disorders. 
O b j e c t i v e .  Analysis of results of hematopoietic 
stem cell transplantations performed over a period of 12 
years in a single pediatric center.  
P a t i e n t s  a n d  m e t h o d s .  All transplants 
performed between 2003 and 2015 in the Department of 
Pediatric Hematology and Oncology in Bydgoszcz were 
included in this analysis. The results of therapy with stem 
cell transplantation were analyzed in three time periods: 
2004-2007, 2008-2011 and 2012-2015.  
R e s u l t s .  A total number of transplants was 318, 
including 132 auto-HSCT and 186 allo-HSCT. Among 
allogeneic transplants, 68 were done from matched-sibling 
donor and 118 from alternative donor. The mean survival for 
all patients estimated by Kaplan-Meier method was 8.1 years. 
Probability of overall survival (pOS) after all transplants was 
0.64±0.03. pOS after allo-HSCT was 0.62±0.04, and 
0.67±0.05 after auto-HSCT. Overall survival for patients 
transplanted in the second (2008-2011) and third (2012-
2015) time period was comparable both for auto- and allo-
HSCT. However, it was significantly higher than for patients 
transplanted in the first period of time (2004-2007) for all 
patients, and for those undergoing auto-HSCT. In allo-HSCT 
patients, in spite of increase of over 20% in pOS (43% vs 
66% vs 64% in respective time periods), the difference was 
not statistically significant. 
C o n c l u s i o n .  Presented results of HSCT obtained in 
our center are comparable with those from other international 
registries and centers.  
 
 
S t r e s z c z e n i e  
 
W s t ę p .  Transplantacja komórek krwiotwórczych 
(HSCT) jest ważną metodą terapeutyczną w wielu 
wrodzonych i nabytych chorobach, w tym nowotworowych, 
zespołach niewydolności szpiku oraz zaburzeniach 
immunologicznych i metabolicznych.  
C e l e m  p r a c y  jest analiza wyników HSCT w poje-
dynczym ośrodku pediatrycznym w okresie 12 lat.  
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P a c j e n c i  i  m e t o d y k a .  Analizie poddano 
wyniki przeszczepień wykonanych w latach 2003-2015  
w Klinice Pediatrii, Hematologii i Onkologii w Bydgoszczy. 
Transplantacje analizowano w trzech przedziałach 
czasowych: 2004-2007, 2008-2011 oraz 2012-2015. 
W y n i k i .  Wykonano 318 HSCT, w tym 186 alloge-
nicznych (68 zgodnych rodzinnych i 118 od dawców 
alternatywnych) oraz 132 autologiczne. Średnie przeżycie po 
HSCT, wyznaczone metodą Kaplana-Meiera wyniosło 8,1 
lat. Całkowite prawdopodobieństwo przeżycia (pOS) 
wyniosło 0,64±0,03; pOS po allo-HSCT wynosi 0,62±0,04,  
a po auto-HSCT 0,67±0,05. Nie wykazano znamiennych 
różnic w pOS zarówno po allo-HSCT, jak i po auto-HSCT 
pomiędzy drugim (2008-2011) i trzecim (2012-2015) 
analizowanym okresie. Jednakże, pOS było wyższe w dru-
gim i trzecim okresie w stosunku do okresu pierwszego 
(2004-2007), zarówno dla wszystkich pacjentów, jak i u 
pacjentów po auto-HSCT. W grupie pacjentów allo-HSCT, 
uzyskano wzrost pOS o ponad 20% (43% vs 66% vs 64%  
w kolejnych przedziałach czasu; ns). 
W n i o s k i .  Wyniki HSCT uzyskiwane aktualnie w na-
szym ośrodku są porównywalne z wynikami podawanymi  
w międzynarodowych rejestrach. 
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Hematopoietic stem cell transplantation (HSCT) is 
an established procedure for many acquired and 
congenital disorders of the hematopoietic system, 
including malignancies, bone marrow failure 
syndromes, disorders of the immune system, and 
metabolic disorders. By the end of 2012, more than 1 
million transplants were done at 1516 transplant 
centers in total 75 countries performing HSCTs [1]. 
European Society for Blood and Marrow 
Transplantation (EBMT) is the largest HSCT society 
and registry worldwide, including 658 centers from 48 
countries. A total number of 40829 HSCTs have been 
performed in EBMT centers in 2014, including 43% 
allogeneic and 57% autologous transplants [2]. Up to 
2015, over 517 thousands HSCTs were performed in 
all EBMT centers. According to a report from 
Poltransplant [3], the number of autologous and 
allogeneic transplantations performed in Poland in 
2014 reached 873 and 572, respectively. In our 
Department we  launched  transplant program with 
matched sibling donor (MSD) allogeneic HSCT in 
2003, autologous HSCT in 2004 and unrelated donor 
HSCT in allogeneic 2007.  
 
The aim of this study is the analysis of results of 
hematopoietic stem cell transplantations performed 




All transplants performed between 2003 and 2015 
in the Department of Pediatric Hematology and 
Oncology in Bydgoszcz were included in this analysis. 
The results of therapy with stem cell transplantation  
 
 
were analyzed in three time periods: 2004-2007, 2008-
2011 and 2012-2015; all consecutive transplants were 
included into each time period. Since in 2003 only one 
allogeneic transplant was performed, this case was 
pooled with the first group. Patients underwent HSCT 
according to procedures described previously [4-7]. 
For GVHD prophylaxis, cyclosporine±methotrexate 
were used after transplants from peripheral blood (PB) 
or bone marrow (BM), and cyclosporine+steroids after 
cord blood transplants (CBT). The follow-up was 
censored on 29 February 2016. 
Statistical analysis. Overall survival (OS) was set 
as the primary end point, and defined as time from 
transplantation to death or last follow-up. Probability 
of overall survival (pOS) was calculated using the 
Kaplan-Meier method and compared with the log-rank 
tests. Mean survival was also determined by Kaplan-
Meier method, with 95% confidence interval (CI). Rate 
of survivors in the analyzed time periods was 
compared with chi-square test. All p-values are 2-tailed 
and considered statistically significant if the values 
were less than 0.05. All statistical analyses were 
performed using the SPSS22 software (SPSS Inc, 




Demographics. A total number of transplants 
performed between 2003 and 31 December 2015 was 
318, including 132 auto-HSCT and 186 allo-HSCT. 
Among allogeneic transplants, 68 were done from 
MSD and 118 from alternative donor (including 3 
haploidentical donor transplants). The recipients of 
transplants were males in 195 transplants and females 
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in 123 cases. The median age of transplant recipients 
was 11.5 years (range 0.3-32 years). The source of 
hematopoietic stem cells was PB in 232 patients 
(73%), BM in 83 patients (26%) and CB in 3 patients 
(0.9%). The median follow-up was 2.3 years (range: 
0.1-12 years). The primary diagnosis were: acute 
lymphoblastic leukemia (ALL), acute myeloid 
leukemia and myelodysplastic syndromes 
(AML/MDS), chronic myeloid leukemia (CML), 
Hodgkin disease (HD), non-Hodgkin lymphoma 
(NHL), bone marrow failure (BMF/SAA), primary 
immunodeficiences (PID), brain tumors (CNS), 
neuroblastoma (NBL), Ewing tumor (ET), and other 
solid tumors (ST) (Table 1). In 284 cases, patients 
underwent one transplant, 27 patients had two 
transplants, 2 had three transplants and 1 had four 
transplants. 
 
Table 1. Results of hematopoietic stem cell transplantation 
with respect to diagnosis and period of therapy 
Tabela 1. Wyniki transplantacji komórek krwiotwórczych  
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n – liczba pacjentów 
 
Engraftment. The cumulative probabilities of 
neutrophil and platelet recovery were 95% and 88%, 
respectively. The median time to neutrophil recovery 
(absolute neutrophil count, ANC>500) was 17 days 
(range, 1-34), while the median time to platelet 
engraftment (platelet count >20 G/L) was 16 days 
(range, 1-187).  
Graft versus host disease (GVHD). The cumulative 
probabilities of acute GVHD (aGVHD) and extensive 
chronic GVHD (cGVHD) were 19.4% and 10.6%, 
respectively. 36/186 (19.4%) patients developed 
aGVHD grade II or higher, including 11 (5.9%) with 
grade III or IV, while 14/132 (10.6%) evaluable 
patients developed extensive cGVHD.  
Mortality. A total of 218/318 (68.6%) transplants 
were not associated with mortality at the time of this 
analysis. A hundred patients (31.4%) died due to 
transplant-related complications (n=45) or disease 
relapse/progression (n=55). The cumulative probability 
of transplant related mortality (TRM) was 13.2% at 
one year: 31 patients (9.7%) died within the first 100 
days post-HCT, including 18 patients (5.6%) who died 
before day 30. 
Overall survival. The mean survival for all patients 
estimated by Kaplan-Meier method was 8.1 years 
(95%CI=7.4-8.7 years). Probability of overall survival 
(pOS) after all transplants was 0.64±0.03 (Table 2); 
pOS after allo-HSCT was 0.62±0.04, and 0.67±0.05 
after auto-HSCT. Overall survival for patients 
transplanted in the second (2008-2011) and third 
(2012-2015) time period was comparable both for 
auto- and allo-HSCT. However, it was significantly 
higher than for patients transplanted in the first period 
of time (2004-2007) for all patients, and for those 
undergoing auto-HSCT. In allo-HSCT patients, in spite 
of increase of over 20% in pOS (43% vs 66% vs 64% 
in respective time periods), the difference was not 
statistically significant (Figure 1).  
 
Table 2. Results of HSCT with respect to period of therapy 
Tabela 2. Wyniki transplantacji komórek krwiotwórczych  

















































pOS – probability of overall survival; n – number of patients; 




Since 2003, when the transplant program was 
introduced in our department, we have developed  
therapeutic facility for children from Northern Poland, 
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cooperating with all hematology and oncology centers 
from this part of our country. Nowadays, all types of 
hematopoietic stem cell transplantations are being 
performed in our department: autologous and 
allogeneic, from matched family donors and from 
haploidentical donors, from matched and mismatched 
unrelated donors. All available stem cell sources were 
used for transplants in our center: peripheral blood, 
bone marrow and cord blood, both from national and 
international registries.  
Current results of HSCT are dependent mainly on 
primary diagnosis, clinical stage or grade and previous 
therapy. The best results were obtained for patients 
with non-Hodgkin lymphoma and non-malignant 
diseases, while the worst for patients with solid tumors. 
Therapy failure was related to relapse after autologous 
transplants (mainly in patients with solid tumors) and 
infections complicating graft-versus-host disease after 
allogeneic transplants, especially in patients with 
leukemia. Nevertheless, presented results are 
comparable with those obtained by a large variety of 
European transplant centers, cooperating within EBMT 
(European Blood and Marrow Transplantation Group) 
as well as within CIBMTR (Center for International 
Blood and Marrow Transplant Research) registry [8,9]. 
Current improvement in HSCT outcome is dependent 
on both very good donor match and multidirectional 
and interdisciplinary supportive care. In the meantime, 
new therapeutic, diagnostic and supportive care 
modalities have been introduced in our center [10-12]. 
The improvement in outcome over the period of 
first 12 years from the setting of the transplant center 
shows growing experience and abilities of transplant 
team, both doctors and nurses. “The learning curve” of 
probability of overall survival of stem cell transplant 
patients in our transplant center quickly showed results 
comparable with EBMT and CIBMTR centers. This is 
a valuable achievement since nowadays more and more 
patients with more complex diagnoses are qualified for 
transplantation, such as multiple-relapsed patients or 
those with advanced disease or co-existing 
comorbidities. It is an international trend that more and 
more patients are qualified for the second and 
subsequent transplant.  
New treatment modalities, such as targeted therapy, 
caused significant changes in some indications for 
transplant. Introduction of tyrosine kinase inhibitors 
(TKI) such as imatinib and second generation TKIs 
resulted in rapid decline in number of transplants in 
chronic myeloid leukemia. On the other hand, more 
children with primary immunodeficiences are qualified 
for transplantation, what is evidence of progress in 
interdisciplinary co-operation and acceptance of 
transplantation among immunologists, as well as 
specialists in inborn disorders.   
Over this period we also faced an international 
trend in increase of transplants from unrelated donors 
with a number of HSCTs exceeding the number of 
transplants from sibling donors. With increase in the 
number of donors in Polish registries over 750 
thousands, nowadays most of our donors are Polish 
unrelated donors. However, even with high resolution 
typing of HLA (Human Leukocyte Antigens) and 
better donor match, the risk of GVHD is higher in case 
of transplants performed from unrelated donors than 
sibling donors; this might lead to an increase in the risk 
of other complications such as life-threatening 
infections. Thus, it is difficult to indicate if transplants 
 
 
A B C 
 
 
Fig. 1. Probability of overall survival (pOS) after hematopoietic stem cell transplantation (HSCT) with respect to period of 
therapy: (A) for all patients; (B) after auto-HSCT; (C) after allo-HSCT 
Ryc. 1. Prawdopodobieństwo przeżycia (pOS) po trans-plantacji komórek hematopoetycznych w zależności od okresu terapii: 
(A) łączne, (B) auto-HSCT, (C) allo-HSCT 
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from unrelated donors improve the results of overall 
survival. Still, the number of patients with transplant-
related mortality is too high, and there is an 
international need in improving supportive therapy for 
transplanted patients. 
In summary, the presented results of HSCT 
obtained in our center are comparable with those from 
other international registries and centers. The 
transplant center in Bydgoszcz is well recognized in 
Europe. Two large international programs were 
coordinated in the department: pediatric sibling donors 
study and EBV-driven PTLD (post-transplant 
lymphoproliferative disorder) program [10, 13]. The 
center is an active member of European Society of 
Blood and Marrow Transplantation (EBMT), and 
international program of European Conference on 
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